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Electronic crystalline 

Large number of materials with 
novel physicochemical properties 

US National Academy of Science Report (2007) 

• Wide coverage of toxicants 

• Robust scientific platform for screening 

• Predictive tests utilizing toxicity mechanisms 

• High throughput screening 
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Permissible Energy Levels allow Electron transfer between NPs 
and Redox-active substances in a Biological environment 
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MOx Nanoparticle Dissolution: Oxidation and Reduction 
Dissolution Reactions in Response to Biologically Active 

Redox Couples 
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Metal oxide nanoparticles 
Zhang et al. ACS Nano. 2012 
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Synthesis of a Ceria Nanowire Library to Study 
shape-dependant toxicity 

 Synthesized by hydrothermal 
technique 

 Aspect ratio can be finely tuned 
from 1 to >200 
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Pulmonary Toxicity Ranking 

UCLA Center for NanoBiology SARs predicting high pulmonary inflammation potential: 
•	 Crystalline and fumed Si (OH density) and Predictive Toxicology •	 CuO, ZnO (dissolution) 
•	 Co, Ni, Cr etc (band gap) 
•	 LAR MOx’s (lysosomal, NALP3) 

CNT’s (LAR and fibrogenic effects) • 
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SARs predicting low pulmonary 
inflammation potential: 

• TiO2 and CeO2 spheres TiO2 and CeO2 spheres 
•	 Au (non-functionalized) 
•	 Carbon black 
•	 Amorphous Si 
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Shape plays a role in Nano-Ag toxicity in Zebrafish 
By a Paradigm other than Ag-ion shedding 
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Safer design principle for nano-ZnO 
by using iron doping 
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Pluronic-treated SWCNT do not induce IL-1failure 
to engage the inflammasome 
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Nanomaterial libraries High throughput screening 

Compositional 
Me Oxides 

Metals 
CNTs Similar behavior 

In silico decisions, in vitro ranking 

Figure 11 

Overall Impact of the Predictive Toxicological Paradigm 
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Quantitative Structure-Activity Relationships 
in Nanomaterial Toxicity 

QSAR Regression analysis 

Dependant 
variable 

Independent 
variable 

Quantitative SARs (QSARs) are regression analysis models in which 
fundamental material physicochemical descriptors are employed to generate 
quantitative models for correlating and predicting injury responses resulting 
from exposure to ENMs. Fundamental descriptors are essential since 
dependable variables (most proximate physicochemical properties associated 
with injury) may be determined by a series of independent variables in a 
hierarchically structured matrix. The ultimate goal of QSAR models is to predict 
the activity of new ENMs and also establish the range of ENM descriptors 
suitable for the design of safe ENMs. 

Liu et al. Small. 2011 
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Hypothetical Matrix of ENM properties 
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Bio-persistance 
(dependable 

Variable) 
Surface reactivity 

(dependable variable) 
ROS generation 

(dependable variable) 

Biological Injury 
• Oxidative stress 
• Organelle damage 
• Membrane damage 
• Inflammation etc 

Multi-disciplinary Research in UC CEIN 

Compositions and Properties 

Nanomaterial 
libraries 

Structure 
Activity 

Relationships 
(Nano-SARs) 

 Data repository, transformation 
 Feature analysis 
 In silico decision making tools 
 Machine learning 

Compositions and Properties 

Fate 
Transport 

Exposure 

HTS 

Cell & biomolecular 
screening 

Multimedia  Analysis 

In vivo screening-
Organisms, populations, 
mesocosms 

 Hazard ranking 
 QSARs 
 Exposure modeling 
 Environmental Decision 

Analysis 
 Safer-by-design strategiesLife Cycle Analysis 

In vitro/ 
In vivo 

predictions 
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